of research has remained quite limited in Pakistan. There have been only few studies so far and all of them, with the exception of Khan (1997) , have used the data on crop production, excluding livestock. In the present study, the TFP change in Pakistan's agriculture sector, including crops and livestock, is estimated for the period 1960-61 to 1995-96 using improved notions of output and inputs measures. 2 Since no official agency in Pakistan maintains a TFP index for the agriculture sector, no effective mechanism exists for monitoring changes in the efficiency of resource use in agriculture on a regular basis and assessing the sustainability of various policy approaches. This study, therefore, would provide a fresh perspective on the growth of TFP in agriculture for use in developing appropriate policy responses towards this sector of Pakistan's economy.
TFP MEASUREMENT IN PAKISTAN'S AGRICULTURE:
A BRIEF SURVEY There have not been many studies measuring TFP growth in Pakistan agriculture. Wizarat (1981) , in a pioneering study of changes in agricultural productivity for the period 1953-54 to1978-79, computed arithmetic TFP index in a growth accounting framework using the linear production function approach. While reflecting the broad contours of productivity change over the sample period, there are serious data and methodological limitations in the study. 3 In addition, the study only focuses on the crop sector whereas livestock output also contributes importantly to total agricultural production. Khan (1994) , also using an arithmetic index, formulation, estimated TFP growth for the crop subsector during 1980-93. Compared with annual TFP growth of 2.7 percent in Wizarat's study, Khan (1994) estimates annual TFP growth at 1.8 percent (Table 1) .
Using the Tornqvist-Theil (T-T) methodology, Rosegrant and Evenson (1993) have estimated the TFP growth for the period in the crop sector, using disaggregated data covering 35 districts in three provinces. TFP, in their study, grew rapidly in the early Green Revolution at a rate of 1.8 percent per annum but, rather surprisingly, declines very sharply thereafter ( Table 2. ). Furthermore, TFP growth is found to have accounted for about one-third of total output growth over the period of study. 4 Both Wizarat (1981) and Khan (1994 Khan ( , 1997 , on the other hand, Table 1 TFP Growth in Pakistan's Agriculture,1960-96 Year Agricultural GDP (1980- Note: Wizarat (1981) and Khan (1994) use arithmetic index; Khan (1997) uses T-T index. Table 2 Annual Rates of Growth of TFP in Crops , 1956 -85 1956 -85 1956 -65 1965 -75 1975 Source: Rosegrant and Evenson (1993) . Period (1965-75) .
find TFP growth in the post-1975 period to have been positive and improving after a period of stagnation in the first half of the 1970s (Table 1) . One reason for the conflicting results may lie in the unreliable data-set used by Rosegrant and Evenson [Khan (1997), p. 311] . The study carries no explanation for the panel data set covering 35 districts and 30 year period since the official documents do not report the data at this level of disaggregation for many of the variables (inputs) used in the analysis.
METHODOLOGICAL FRAMEWORK AND DATA

Methodological Framework
To measure total factor productivity the most frequently applied techniques in literature on agriculture are: (a) Arithmetic Index (AI); and (b) Tornqvist-Theil Index (TTI). The arithmetic index technique is the simplest measure of TFP for the agriculture sector, which is defined as a ratio of the total output index to input index. The input index is constructed as a linear aggregation of inputs with input shares in total input cost as weights. The index can be easily derived assuming a linear homogenous production function and competitive labour markets. Despite its theoretical limitations, it is the easiest to calculate. Following Wen (1993) , the simplest version of a TFP Index can be algebraically written as:
where the output index in the numerator is based on the Gross Value of Agricultural Output (GVAO). The input index in the denominator is a linear aggregation of cultivated land (Lan), capital (K), labour (Lab), and material inputs (M), using and φ δ β α , , , (the respective share of each factor input in total input cost in the base year) as weights. The main shortcoming of this indexing procedure is the fixed nature of the weights used in aggregation, which makes the index sensitive to the choice of factor shares. The second method is the the Tornqvist-Theil (T-T) approximation to the Divisia index, which is most widely being used to measure TFP in agriculture. Following Chambers (1988) , Capalbo and Antle (1988) , and Thirtle and Bottomley (1992) , the TTI formulation can be written as
where R it is the share of output i in total revenue, Y it is output i, S jt is the share of input j in total input cost, and X jt is input j, all in period t. In this specification, revenue shares for the output index and cost shares for the input index are updated every time period as compared with the use of fixed weights in the arithmetic and geometric indices, thus avoiding the underestimation/overestimation implicit in a fixed-weight estimation procedure.
The Data
In this study, the TFP index for the period 1960-96 is computed with a gross output index that includes both crops and livestock products and the aggregate input index that also includes purchased inputs (fertilisers and pesticides). In agricultural productivity analysis, a decision has to be made at the outset whether to use the gross or net output (value-added) measure of productivity. The gross output series includes all of the final agricultural output of a sector; on the other hand, the value-added series measures the output produced by the inputs originating within the sector, i.e.
the intermediate inputs are excluded. Some of the existing studies in Pakistan [Wizarat (1981) ; Khan (1994 Khan ( , 1997 ] have used an output index based on valueadded data-gross value-added (GVA) in million Rupees-while others have used a gross output index [Rosegrant and Evenson (1993) ].
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In the Green revolution context of Pakistan, where technological change in agriculture came about with the introduction of HYVs and the associated use of complementary chemical inputs, the use of gross output index is more appropriate. 6 The input index is constructed with land, labour, tractors, tubewells, work animals, and purchased inputs (fertiliser and pesticides). As far as is possible, an effort has been made to measure input as flow variables. A detailed discussion of the conceptual and practical issues relating to the data used in the study is given in the appendix.
RESULTS AND INTERPRETATION
Total Factor Productivity in this study has been estimated using both arithmetic and Tornqvist-Theil indexing methodologies. The estimated annual growth rates of agricultural GDP and the TFP using arithmetic index procedure based on 1960-61 and 1980-81 weights are given in Table 3 . The highest growth rate of TFP is observed in the early Green Revolution period and the lowest is found during 1971-1975 period. For other periods, the estimated index calculated using 1960-61 shares performs relatively better as the sub-period growth rates as well as the TFP growth rate for the entire period appear to be more reasonable.
The results given in Table 3 clearly show that the TFP growth measures using arithmetic indexing procedure are not independent of the choice of factor shares. 7 The reasons behind this result are that applying the 1980-81 factor shares to the 5 The gross value added (GVA) reported in official documents is obtained after subtracting intermediate purchased inputs from total gross value of output. On theoretical grounds, however, a value added series may not be an appropriate data series to work with because it implies existence of a valueadded function, which in turn depends on the highly restrictive and unrealistic assumption of separability of intermediate inputs from primary inputs. Furthermore, even if the existence of the value-added function is presumed, the results obtained may be inaccurate and biased. The exclusion of intermediate inputs (seeds, fertilisers, pesticides etc.) would tend to attribute measured technical progress to capital and labour input, not leaving any room for enhanced efficiency in the use of purchased inputs. 6 For use in the arithmetic index, the data series for gross value of output based on 1980-81 prices was obtained from the Report of the Sub-Committee on Sources of Growth, Committee on Economic and Social Well-Being for the Eighth Five Year Plan, May 1992 [Kemal and Islam (1992) ]. As this latter data series only extended up-to 1992, it was brought up to the year 1996, with gross output data for major crops, minor crops and livestock reported in the Agricultural Statistics of Pakistan (ASP). 7 The factor input shares in total input cost for 1960-61 and 1980-81 Note: GVAO is gross value of agricultural output at 1980-81 prices [Kemal and Islam (1992) ].
earlier period overstates the contribution of labour, farm capital, and current inputs and understates the role of land, thus depressing the TFP growth in the early part of the sample period. Given the dependence of results for the arithmetic index on which weights are used, a Divisia index is considered to be the appropriate method in this case. In order to overcome limitations of arithmetic aggregation methodology, the Tornqvist-Theil indexing procedure has been used in this study. The estimated indices of output, input, and TFP are shown in Annex 2. The TFP growth rates using these indices are provided in Table 4 . These growth rates clearly show a strong performance in the second half of the1960s. This corresponds with the beginning of the Green Revolution as the high yielding varieties of rice and wheat were introduced in Pakistan during this period. Growth in productivity tapered off in the first half of the 1970s, and the factors behind this dismal performance have been the politically-induced institutional experiments, drought conditions in 1970-72, and the heavy rains and accompanying floods in 1973-74, amongst others. There was a slow and gradual recovery in productivity growth in the late 1970s and the early 1980s, with the exception of a brief downturn in 1983-84 largely due to adverse weather. Thereafter, an annual TFP growth rate of 2.4 percent has been sustained, barring a dip in 1992-93 due to adverse weather and large-scale pest attack on cotton. While the productivity gains in the 1980s and 1990s were much lower than the impressive growth experienced in the early Green Revolution years , they still reflect a fairly robust performance by agriculture. Figure 1 in the data annex provides a visual representation of these trends. Note: The numbers in parentheses in the last column are the percent contribution of productivity growth to output growth. 8 The annual average rate of growth of agricultural GDP for this period includes the abnormally high growth of 11.7 percent in agricultural GDP recorded in FY1996. Subsequent research has shown this to be a statistical artifact mainly due to the abnormally high growth of livestock value-added reported for that year [Malik (2005) ]. This very large reported growth is attributable to the livestock census conducted in FY1996. The large one-time increase in the survey year shows up as the reported growth rate of livestock value-added of 26 percent. Instead of a one-time increase in livestock value-added to the extent of 26 percent over the previous year, it would have been appropriate to make a backwards adjustment in the under-reported numbers for value-added over several years. This adjustment reduces the overall agricultural growth rate for the FY 96 to 4.7 percent from 11.7 percent. 9 This estimate of the TFP growth does not adjust for any possible impact of the over reported growth in livestock value-added in the FY1996. 
O u tp u t I n d e x I n p u t I n d e x T F P
The results show that the TFP has grown at an average annual rate of 2.3 percent for the entire period (1960-61 to 1995-96) . It accounts for about 58 percent of the total output growth in the country during this period. It is fair to say that productivity growth was a significant driving force in the performance of the agriculture sector in Pakistan for over 36 years.
According to Byerlee (1994) "over the long-run, evidence from a number of countries suggests that an overall rate of agricultural productivity growth of 1.5-2.0 percent can be expected (as measured by the TFP index)"(p.10). This a priori expectation is reasonably met by the estimated TFP growth rate of 2.3 percent per year during the entire period in this study. This estimate also falls within the general range of TFP growth rates estimated in studies for other developing economies (see Table 5 ). Pakistan (1980 Pakistan ( -1993 Arithmetic index/annual time series 2.1 % Khan (1997) Pakistan (1960 Pakistan ( -1996 T-T index/annual time series 0.92% Fernandez-Cornejo and Richard Schumway (1997) Mexico (1940 Mexico ( -1990 T-T index/annual time series 2.5 % Needless to say that aggregate trends reflect the processes at play at the more disaggregated level. Yield growth for wheat and rice, after a peak performance in the early Green Revolution years, slowed after the mid-1970s (see Annex 3 and 4) . On the other hand cotton, which contributed about 20 percent to the value-added of major crops in 1980-81 and 30 percent in 1985-86, has done remarkably well in the same period, touching its highest yield growth of over 5 percent per annum in the post-1985 period. Sugarcane, which makes up about 13 percent of the value-added of major crops, also began to experience improvement in its yield level in the post 1985 period, after a long period of stagnation. Above all, performance of the livestock sector, which constitutes about 30 percent of the agricultural GDP, has been improving since the early1980s, growing at an annual rate of 5 percent since 1985 (see Table 6 ). Against this background, it can be argued that the remarkably sustained productivity performance of agriculture in the post 1985 period, apart from the likely beneficial impact of the structural adjustment policies on agriculture, is a result of gains in the productivity of cotton and livestock more than offsetting the apparent productivity slowdown in wheat and rice crops.
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Despite the considerable short-term stress of structural adjustment and reform policies of the 1980s and the early 1990s, agriculture in Pakistan appears to have demonstrated remarkable resilience in the 1990s: the agricultural value-added has grown at an average annual growth rate of over 4 percent (see Table 7 ). Agricultural inputs supply has grown steadily (Annex 3) and the terms of trade for agriculture have a clear upward trend (Annex 5) .
Farm profitability appears to have improved due to favourable prices for the main crops throughout the 1990s. This improvement in incentives is also reflected in the purchasing power of crops in terms of N and P fertilisers (Annex 6). Adjustments in the nominal and real exchange rates and reform of trade policy have resulted in gradually falling discrimination against agriculture (see Table 7 ). Despite falling share of allocation to agriculture in ADP, the improving incentive regime for the farmer has been a significant factor in the sustained productivity response of agriculture during the 1990s.
CONCLUSION AND POLICY IMPLICATIONS
Pakistan's agriculture has experienced rapid growth since the 1960s with an average annual growth rate of about 4 percent over the last four decades (before the onset of the new century) exceeding the population growth rate that remained close to 3 percent for a substantial part of this period. The major source behind this performance has been the growth in TFP, i.e. 2.3 percent, accounting for about 58 10 A number of studies have sounded alarm about productivity stagnation in Pakistan's crop subsector in the post-Green Revolution period [Rosegrant and Evenson (1993) ; World Bank (1994) ]. The results of this study, however, offer no basis for an alarmist scenario as the performance of agriculturecrops and livestock-has been fairly robust since the mid-1980s. percent of the total output growth in the country. The chief source of growth in TFP has been the technological progress embodied in the high-yielding varieties of grains and cotton with supporting public investment in irrigation, agricultural research and extension (R&E), and physical infrastructure. The results show that the performance in agricultural productivity was much higher during the second half of the1960s mainly due to the introduction of high yielding varieties of rice and wheat during this period. However, the growth in productivity tapered off in the first half of the 1970s due mainly to the politically induced institutional experiments. Gradual recovery in productivity growth was observed in the late 1970s and the early 1980s. Thereafter, an annual TFP growth rate of 2.4 percent has been sustained. Improvement in agricultural incentives, as reflected in the trends in the sectoral terms of trade, appears to have been a significant factor in evoking a sustained productivity response during this period.
With a macroeconomic policy environment that is largely conducive, what is needed at this juncture is a focused endeavour to deepen agricultural markets through public sector investments in marketing infrastructure and policy interventions to strengthen the role and management of agricultural markets. At the same time, the levels and efficacy of public expenditures for agricultural development, on a declining trend since the mid-1980s, need to be raised substantially. Public funding for agricultural research as a proportion of GDP, in particular, is much below levels required for an effectively functioning research system. According to a study by Nagy and Quddus (1998) , an optimally funded agricultural research system in Pakistan needs to be funded at five to six times the present funding levels. "A research system funded at this level would approach international agricultural research standards, one that could deliver significant productivity and production increases. This would bring Pakistan's funding of agricultural research closer to the funding level of 1.5 percent of Agricultural Gross Domestic Product (AGDP) recommended by the National Commission of Agriculture." [Nagy and Quddus (1998), p.181] .
Annexures
ANNEX 1 MEASUREMENT AND DATA ISSUES
The Tornqvist-Theil approximation to the Divisia Index (T-T) has been used for aggregation of outputs and inputs. The data on major and minor crops and wholesale and retail prices is available in the official documents. The major crops included are wheat, rice, cotton, sugarcane, maize, bajra, jowar, barley, and gram. The minor crops included are mung, mash, masoor, potatoes and onions. The livestock sector in the output index is represented by milk, beef and mutton.
11 As farm-gate prices were not readily available, they were estimated from wholesale prices reported in the official documents by assuming that farm-gate prices were uniformly 20 percent lower than the wholesale prices.
12 In a few instances, wholesale prices were not available for some items and for some time periods. In these cases, farm-gate prices were obtained by assuming a 30 percent difference between retail and farm-gate prices.
The labour input used in productivity studies for developed countries is a flow variable in terms of hours of labour per period of time. However, in the developing countries where collection of data at national and sectoral levels is still at a fairly rudimentary stage, labour input is usually approximated by its stock during the time 11 These crops and livestock items cover about 71 percent of the value of gross product of agriculture (at current factor cost) in 1995-96. This coverage is greater for the major crops (88 percent) and livestock (74 percent) relative to minor crops. Only 13 percent of the minor crops could be covered due to non-availability of output and price data. However, it should be mentioned that the technological changes in agriculture appear to have affected the major crops and livestock more than the minor crops. Milk, beef and mutton quantities have not been reported for the period before 1970-71; therefore, they had to be extrapolated on the basis of per-capita consumption estimates, reported in national household surveys, and the size of the population.
12 The Federal Bureau of Statistics (FBS) also uses this rule of thumb, when required. For example, as harvest prices for minor crops are generally not available, gross output in the minor crops subsector is calculated on the basis of prices that are assumed to be 80 percent of wholesale prices compiled by the Department of Agricultural Marketing and Grading. (Fifty Years of Pakistan in Statistics, a FBS publication.) period in question i.e. the number of people employed in agriculture. As inaccuracies/biases are sure to enter into the analysis as a result of this approximation of a flow concept by a stock, in this study, the labour input series is measured as a flow variable i.e. the number of days worked by agricultural labour during the year.
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Labour input is calculated by multiplying the number of agricultural labourers by the average annual workdays. Daily wage rates data have been obtained from various published sources.
14 The land-input measure to be used in this study is the cultivated land area, which is calculated as a sum of net area sown and area left fallow that year. 15 The service flow from land is measured in terms of annual rental value of a hectare of land in Rupees. Annual rental series have been obtained from Farm Management Surveys carried out by government agencies. These relate mainly to the irrigated area in the Punjab province, the largest province with the largest value-added contribution to agriculture in Pakistan.
The use of capital as an input into agricultural production has grown in importance overtime against a backdrop of land and labour scarcities in the agricultural economies of many countries, though it is not as fully utilised in underdeveloped countries as in the developed countries. Capital assets typically enter agricultural production by rendering productive services. Therefore, from the point of view of production/productivity measurement, estimation of the flow of services emanating from capital stocks is more important than the stocks themselves.
The measurement of capital input in Pakistan's agriculture is also at a very elementary stage because of severe data constraints in this area. Wizarat (1981 Wizarat ( ,1982 used a composite index of capital that included land rent, capital cost of private and public tubewells, number of tractors and livestock. The PIDE macroeconometric model (1983) , on the other hand, opts for even less sophistication by simply using the number of tractors as a proxy for capital and all other auxiliary inputs. Khan 13 While Khan (1997) has assumed average working days per year to be 265, Evenson, Pray and Rosegrant (1999) in their recent productivity study of Indian agriculture have used average annual workdays of 244, 244 and 215 for Haryana, Punjab and Rajasthan states of India. As the agricultural conditions in these states are very similar to those found in Pakistan, in this study an average of 250 workdays in a year is used.
14 For the years 1959-60 to 1965-66 data reported in Chaudhry and Chaudhry (1992) has been used; data for the years 1966-67 to 1982-83 are from ILO Yearbook of Labour Statistics; and the data for the years 1983-84 to 1992-93 has been obtained from the Pakistan Labour Gazette.
15 There are two measures of land available in the official statistics of Pakistan-cultivated land and cropped land. TFP studies of agriculture have used one or the other measure in their analyses [Hayami and Ruttan (1979); Fernandez-Cornejo and Shumway (1997) and Wen (1993) ]. In the present study, cultivated land has been chosen as the appropriate measure of land input to keep the land input separate from the land-augmenting technological changes subsumed by cropped land. Both the arithmetic and T-T productivity indices give higher annual rates of growth with cultivated land than with cropped land. Productivity growth is lower with cropped land (arithmetic index 1.8 percent, T-T index 2 percent) as some of the output growth is due to multiple cropping.
(1997), however, has used tractors, tubewells and work animals as the main capital inputs into Pakistan agriculture. 16 In this study, the capital stock index includes tractors, tubewells and working animals. The number of tractors data till 1978-79 has been obtained from Wizarat (1981) . The data for number of tractors imported-which also includes domestically manufactured tractors-has been collected from the Ministry of Finance, Economic Survey (statistical supplement, 1996-97) . The perpetual inventory method was used to calculate the stock of tractors (numbers) (from 1966-67 onwards) after taking into account depreciation of the stock and the net annual addition by imports and domestic manufactures. 17 The rate of depreciation is assumed to be 10 percent, considering that a ten-year life span for a tractor is quite reasonable. The same procedure could not be followed for tubewells as no reliable series for new tubewells installed each year was available; so resort had to made to total number of tubewells reported in the Agricultural Statistics of Pakistan. The data on working animals has also been taken from the Agricultural Statistics of Pakistan. Tractor prices and average costs of installation of a tubewell have been collected from various official sources. The annual service flow from tractors and tubewells is assumed at 20 percent of the value of the stock of these capital items. This includes the rate of depreciation (10 percent) and the opportunity cost/debt service of the investment.
18 For draught animals, this has been assumed at 15 percent of the annual price series, following Khan (1997) .
Purchased intermediate inputs (fertilisers, pesticides etc.)-which between themselves largely embody the Green Revolution technology-cannot be ignored in any productivity study which includes the Green Revolution and the subsequent period.
19 As the use of these inputs has grown at a very fast rate in the post Green Revolution period with the rapid intensification of agriculture, studies that do not 16 In the developing countries, the data pertaining to capital inputs are not as reliable and extensive as in developed countries. Dholakia and Dholakia (1993) in a study of TFP for Indian agriculture for the period1950-51 to 1988-89, measure capital stock in terms of net capital stock valued at 1980-81 prices. This capital stock measure includes agricultural machinery, farm equipment and tools, transport equipment in farm business, land improvements, investment in public and private irrigation, farm houses, and stock of inventories including livestock. Wen (1993) , in his study of TFP of China's farm sector, uses an even simpler measure of capital input that includes only the values of draft animals, non-draft animals, poultry and farm machinery. Evenson, et al. (1999) use bullocks and tractors as the primary sources of farm draught power in Indian agriculture. 17 The capital stock at any one time represents the sum total of flow of accumulated investments over time after depreciation. The appropriate method for estimating the balance capital stock when it is being constantly replenished/augmented by new investments and at the same time being diminished by depreciation is Jorgenson's perpetual inventory method [Jorgenson (1974) ].
18 Evenson, et al. (1999) use 25 percent of the tractor price series as the shadow rental cost of a tractor. This includes both depreciation and debt service on the investment.
19 Wizarat (1981) and Khan (1994) did not use any of the purchased inputs in constructing their input index as they used crop value-added as their output index. Khan (1997) , however, includes only fertiliser as input.
properly account for these inputs are not likely to arrive at reasonable estimates of TFP growth in agriculture.
In the present study, the fertiliser inputs are made up of the consumption (offtake) of the three main types of fertiliser nutrients, namely nitrogen, phosphates and potassium. The quantity in nutrient/ton is obtained from the Economic Survey. The price data reported in Pakistan Economic Survey consist of price per bag of 50 kg. Given the known percent nutrient content of each marketed compound, this information has been used to convert the price per 50 kg bag into price/nutrient ton of the relevant nutrient. The effective price/nutrient ton was calculated by taking a weighted average of the prices of each nutrient calculated as above. Annual imports of pesticides in tons are reported in the official documents along with the value of the imports. The price/ton of imported pesticide can, therefore, be calculated from the value of import data. Assuming quantities to be imported are determined on the basis of anticipated usage, quantities imported serve as a proxy for quantities actually consumed.
Annex 2
Indices of Agricultural GDP, Output, Input, and TFP, 1960-1996 20 Year Agricultural GDP (1980- The output and input indices are based on the output and input aggregators defined in Equation (2), taking the exponents and chaining them.
Annex 3
Crop Output, Yields, Barter Terms of Trade, and Important Inputs, 1964-65-1975-76 
